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ABSTRACT 


A new species of Eudactylopus Scott A., 1909 is described from the southern coast of Korea. The specimens were 
collected using a light trap set overnight at the entrance near a pier. Eudactylopus yokjidoensis n. sp. is similar 
to E. andrewi Sewell, 1940 and E. spectabilis (Brian, 1923) in two key respects: similar length of proximal and 
distal inner setae on female P2 enp-2, and modification of two subapical setae on male P2 endopod. However, E. 
yokjidoensis can be differentiated from the two species by following morphological characteristics: in females, the 
length ratio of cephalothorax/2nd-4th thoracic somites combined is smaller in E. yokjidoensis than other two species 
(1: 0.8 vs. 1: 1); antennule has nine segments (vs. 7-segmented in E. andrewi), P2 to P4 each bears a process in 
medial distal margin of basis, while it is just smooth in E. spectabilis; in males; the length ratio of cephalothorax 
to 2nd-4th thoracic somites combined is smaller in E. yokjidoensis than other two species (1 : 0.6 vs. 1:1 in E. 
andrewi and 1: 0.8 in E. spectabilis); and P5 exopod has a comb-like innermost seta, while it is bipinnate seta in E. 
spectabilis. To prove the Korean species of Eudactylopus to be new, full descriptions of both sexes are given here, 
and the claim is supported by distinct genetic differences between E. yokjidoensis and E. spectabilis (22.3-22.7%) 


in the mitochondrial gene cytochrome oxidase subunit I (mtCOI) sequence. 
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INTRODUCTION 


The family Thalestridae Sars, 1905 contains 25 genera and 
five subfamilies (Boxshall and Halsey, 2004). Thalestrid 
harpacticoids inhabit various environments including mac- 
roalgae (Boxshall and Halsey, 2004). According to Hicks 
(1980), in the harpacticoid fauna of algal samples, the thal- 
estrid species are the second highest in abundance after the 
family Harpacticidae Dana, 1846. Certain species in the 
family Thalestridae have been reported as causes of algae 
infections, as follows: Ameonophia orientalis Ho and Hong, 
1988 and Parathalestris infestus Ho and Hong, 1988 infect- 
ed the brown algae Undaria pinnatifida (Harvey) Suringar 
and Thalestris hokkaidoensis Takemori and Iwasaki, 2009 
infected the red algae Palmaria palmara (Linnaeus) Kuntze. 

The collection of the genus Eudactylopus Scott A., 1909 


was conducted using diverse sampling methods such as 
washing (It6, 1974; Sewell, 1940), dredging (Nicholls, 
1941), sledging (Geddes, 1969), and the light trap (Chang 
and Song, 1995). The light trap is a sampling device for the 
collection benthic copepods in aquatic systems (Holmes and 
O’Connor, 1988). Eudactylopus spectabilis (Brian, 1923) 
and E. andrewi Sewell, 1940 from the South Korea have 
been described through using a harbor-based light trap by 
Chang and Song (1995); for a direct comparison with the 
previous South Korea results, the same sampling method 
was used in this study. 

The systematic position and the species composition of 
the family have been controversial subjects over several de- 
cades (Lang, 1936, 1944; Hicks, 1988; Willen, 2000). The 
subfamily Eudactylopusiinae Willen, 2000 is characterized 
by a unique feature of enp-2 of P2-P3 with its two inner 
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setae that includes two genera of Eudactylopus and Neodac- 
tylopus Nicholls, 1945. They are separated by the relative 
length of exp of P1 (shorter than the enp in Eudactylopus vs. 
longer than the enp in Neodactylopus) (Vervoort, 1964). 

The genus Eudactylopus was erected by Scott A. (1909), 
designating Dactylopus latipes Scott T., 1894 as the type 
species, which was characterized by 2-segmented enp of the 
antennae and well developed P5 of the female. However, E. 
latipes, a name that was later rejected by Vervoort (1964) 
due to its homonymy with Dactylopus latipes Boeck, 1865 
[ =Paradactylopodia latipes (Boeck, 1865)], was subdivid- 
ed by Sewell (1940) into the two forms of E. latipes f. typi- 
ca and E. latipes f. andrewi. These two forms were revised 
as the two subspecies, E. andrewi atlanticus and E. andrewi 
andrewi by Vervoort (1964) and then Itó (1974) subsequent- 
ly defined them as the two distinct species E. atlanticus 
Vervoort and E. andrewi Sewell. Eudactylopus robustus 
was originally described as Thalestris robusta from Nice, 
France by Claus (1863) and later changed to E. robustus 
by Lang (1936). Brady (1905) recorded Thalestris robusta 
Brady, 1905 from tidal pools at Cullercoats, UK, but Wilson 
(1925) changed the specific name to T. valida Wilson, 1925, 
according to the nomenclature rule. Eudactylopus spectabi- 
lis (Brian, 1923) was formerly described as Parathalestris 
clausi var. spectabilis from the Mediterranean Sea, but Bri- 
an (1928) assigned it as the distinct species, Parathalestris 
spectabilis. It was then moved under the genus Eudactylo- 
pus by Monard (1928). Nicholls (1941) reported a new spe- 
cies based on the female of E. australis in the southwestern 
Pacific. A large genital-double somite, which is almost equal 
to the combined length of the remaining three urosomal 
segments, characterizes this species. This species was con- 
sidered as a synonym of E. robustus by Noodt (1955), but 
Lang (1965) defined it as a distinct species. Geddes (1969) 
reported E. lucayosi that was characterized by a peculiar 
caudal-rami structure in the northwestern Atlantic. How- 
ever, of the above-mentioned species, only a few species 
were nominated. Brian (1928) established the genus Plesio- 
thalestris with the description of the new species P. opima 
from Symi Island in Greece, but the genus was relegated to 
the synonymy of Eudactylopus by Sewell (1940). Later, E. 
opima was regarded as a synonym of E. robustus by Lang 
(1965). Eudactylopus fasciatus, and E. striatus Sewell, 1940 
described from the Indian Ocean, were each considered as 
a subspecies or another junior synonym of E. robustus by 
Noodt (1955). However, Vervoort (1964) and Lang (1965) 
followed the definition of Sewell (1940). Currently, it re- 
mains incertae sedis in terms of the genus Eudactylopus 
since the intervention of Bodin (1997). The distinction of 
E. krusadensis Krishnaswamy, 1950, questioned by Lang 
(1965) due to incomplete descriptions and drawings, and it 
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has been considered as a misidentification for a Diosacci- 
dae species. Currently, the genus Eudactylopus contains the 
following six species: E. andrewi, E. atlanticus Vervoort, 
1964, E. australis Nicholls, 1941, E. lucayosi Geddes, 1969, 
E. robustus (Claus, 1863), and E. spectabilis. 

In this study, we comprehensively compare the new spe- 
cies of Eudactylopus and other described species of the 
genus, based on diagnostic characteristics utilized in the 
previous literatures. Full descriptions of the morphological 
characteristics of the new species and the mitochondrial cy- 
tochrome oxidase subunit I (mtCOI) sequences are provid- 
ed. 


MATERIALS AND METHODS 


The specimens of Eudactylopus yokjidoensis were collected 
from the macroalgal beds on the sandy bottoms of the four 
stations of Donghang-ri, Yokji-myeon, Tongyeong-si, and 
Gyeongsangnam-do, Korea, in Apr 2016. The specimens 
were collected using a light trap and fixed in 99% etha- 
nol. The specimens were then dissected under a dissecting 
microscope (SMZ645; Nikon, Tokyo, Japan), placed in a 
mounted CMC-10 aqueous mounting medium (Maters Com- 
pany, Inc., Wood Dale, IL, USA), mounted on slides, and 
sealed with high-quality nail varnish. Drawings were made 
with the Nikon Eclipse Ci differential-interference-contrast 
microscope equipped with a drawing tube. For scanning 
electron microscopy, copepods were dehydrated through a 
series of graded ethanol, acetone, and hexamethyldisilazane 
concentrations, mounted on aluminum stubs, and sputtered 
with gold and then observed using the Hitachi S-3000N (To- 
kyo, Japan). 

The total length of each specimen was measured from 
the tip of the cephalothrax to the posterior end of the anal 
somite in the lateral view. The scale bars in the figures were 
marked in micrometers (um). The terminologies of the body 
and appendages morphologies were based on Huys and 
Boxshall (1991). The type materials were deposited in the 
collections of the Marine Biodiversity Institute of Korea 
(MABIK) in Seocheon, Korea. 

The following abbreviations are used in this text: Ae, aes- 
thetasc; benp, baseoendopod; enp, endopod; enp-1 (2, 3), 
proximal (middle, distal) segment of the endopod; exp, ex- 
opod; exp-1 (2, 3), proximal (middle, distal) segment of the 
exopod; and P1-P6, first to sixth thoracopod. 

Ethanol-preserved specimens were rehydrated in distilled 
water for 2 h before the DNA-extraction procedure. The 
DNA was extracted using the Chelex 100 Bio-Rad meth- 
od (hereafter referred to as *Chelex”), which is a protocol 
adapted from the utilization of Walsh et al. (1991). In this 
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procedure, the specimen is dissolved in 200 uL of a 10% 
(w/v) solution of Chelex and 10 uL of proteinase K (10 
mg/mL), and then it is incubated at 56°C for 120 min with 
thorough mixing for 60 min. Following this incubation, the 
tubes are centrifuged at 6,000 x g for 1 min, and the super- 
natant containing the genomic DNA is used directly as a 
template in the downstream polymerase chain reaction (PCR) 
analysis. The DNA sequences were accomplished using the 
mitochondrial COI gene. The gene was amplified through 
the PCR using a PCR premix (Bioneer Co., Daejeon, Korea) 
in an Eppendorf PCR thermal cycler (Eppendorf Inc., Ham- 
burg, Germany). The amplification primers that were used 
are the “universal” primers LCO1490 and HCO2198 (Folmer 
et al., 1994). The amplification protocol is as follows: initial 
denaturation of 94°C under 300 s, 34 cycles of denaturation 
under 94°C for 30 s, annealing at 42°C for 120 s, extension 
at 72°C for 60 s; final extension at 72°C for 600 s, and stor- 
age of the final product at 4°C. 

The PCR results were checked using the electrophoresis 
of the amplification products on 1% agarose gel with ethid- 
ium bromide. The PCR products were purified with a Labo- 
Pass PCR-purification kit and sequenced in both directions 
using the 3730x1 DNA analyzer (Macrogen, Korea). Mul- 
tiple-sequence alignments were made using Chromas ver- 
sion 2.5.1 (Technelysium Pty Ltd., Tewantin, Queensland, 
Australia). Pairwise distance measures and a phylogenetic 
analysis were conducted using MEGA 6 software (Tamura 
et al., 2013). Any ambiguous sites were eliminated from the 
dataset. The mtCOI sequence for Eudactylopus spectabilis 
(Brian, 1923) and Parathalestris parviseta Chang and Song, 
1997 was obtained from the NCBI database (http://www. 
ncbi.nIm.nih.gov) for the phylogenetic analysis. 


SYSTEMATIC ACCOUNTS 


Subclass Copepoda Milne Edwards, 1830 
Order Harpacticoida Sars, 1903 

Family Thalestridae Sars, 1905 

Subfamily Eudactylopusiinae Willen, 2000 
Genus Eudactylopus Scott A., 1909 


Eudactylopus yokjidoensis n. sp. (Figs. 1-7) 


Material examined. Holotype. 2, collected from Yokjido 

Island in the south coast of Korea (34°38'5.24"N, 128°15' 

59.42"E, 4m depth, collector: Cho DH) on 14 Apr 2016, 

dissected and mounted on five slides (MABIK CR00240677). 
Allotype. Z, dissected and mounted on four slides (MABIK 

CR00240678), same data as holotype. 

Additional paratypes. |”, partially dissected and mounted 
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on one slide (MABIK CR00240679), 89 (MABIK CR0023 
5328-CR00235333, MABIK CR00240680-CR00240681) 
and SZ (MABIK CR00235334-CR00235338, MABIK 
CR00240682-CR00240684) in 70% ethanol, respectively. 
Etymology. The species is named after its type locality, 
Yokjido Island, in the south coast of Korea. 

Description of the adult female. Body (Figs. IA, B, 6A, B) 
fusiform, total length 1500 um (range, 1,500-1,663; mean, 
1,597; n=9). Maximum width measured at posterior mar- 
gin of cephalic shield: 433 um (range, 433-455; mean, 445; 
n=9). All somite with distal hyaline membrane except fifth 
pedigerous somite and anal somite. Prosome (Figs. 1A, B, 
6A, B) comprising cephalothorax with completely fused 
first pedigerous somite and three free pedigerous somites, 
1.2 times as long as urosome excluding caudal rami, sim- 
ilar length including caudal rami. Urosome (Figs. 1A, B, 
6A, B) 5-segmentd, comprising fifth pedigerous somite, 
genital double-somite (fusion of genital and first abdom- 
inal somites) and three abdominal somites. Genital and 
third abdominal, and posterior part of genital double-somite 
and second abdominal somite with I or 2 oblique rows of 
spinules on both lateral surfaces, respectively. Genital dou- 
ble-somite (Figs. IA, 6A) as long as wide in dorsal view, 
partly fused in ventral view, with gonopore ventromedially 
(Figs. 1C, 6G). Penultimate somite forming pseudopercu- 
lum (Fig. 1A) with protrusion at middle dorsal end. Anal 
somite (Fig. 1A) approximately half as long as preceding 
somite. Caudal rami (Figs. 1A, D, 6A) truncate, about twice 
as long as anal somite, approximately 1.3 times as long as 
wide, inner margin unornamented, with 7 setae: seta V cov- 
ered with fringed setules basally at dorsal view (Fig. 6B, 
D, F), seta VI bulbous basally and with setules along inner 
margin. Rostrum (Figs. 1A, B, 2A, 6E) not fused to cephalo- 
thorax, nearly triangular, with mid-dorsal paired sensilla and 
dorsal pore anteriorly. 

Antennule (Fig. 2A) 9-segmented, approximately 0.4 
times as long as cephalothorax, gradually tapering apically, 
relative lengths (%) of segments measured from proximal 
end along caudal margin 26.5: 13.3: 14.5 : 15.7 : 6.0 : 7.8: 
54:3.6:7.2; first segment large, bearing | seta on posterior 
margin and 2 rows of spinules on anterior margin; second 
segment with 7 simple setae on posterior margin, 2 naked 
setae on anterior margin and 2 setae on outer distal margin; 
third segment with 2 setae on posterior margin and 6 setae 
on outer distal margin; fourth segment with 2 setae on pos- 
terior margin, long slender apical aesthetasc fused basally to 
1 apical seta, and 1 seta on outer distal margin; fifth segment 
with 1 long seta on outer distal margin; proximal 5 segments 
stronger than distal 4 segments; sixth segment with 3 simple 
setae on outer distal margin; seventh and eighth segments 
with 1 apical and 1 inner marginal setae, respectively; ninth 


129 


Dae Hyun Cho, Jin Hee Wi, Hae-Lip Suh 


Fig. 1. Eudactylopus yokjidoensis n. sp., female (holotype). A, Habitus, dorsal view; B, Habitus, lateral view; C, Genital double- 
somite, ventral view; D, Urosome, ventral view; E, P6. Scale bars: A-D=200 um, E=100 um. 
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Fig. 2. Eudactylopus yokjidoensis n. sp., female (holotype). A, Rostrum and antennule; B, Antenna; C, Mandible; D, Gnathobase of 
mandible; E, Maxillule; F, Maxilla; G, Maxilliped. Scale bars=100 um. 
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Fig. 3. Eudactylopus yokjidoensis n. sp., female (holotype). A, P1, anterior view; B, P2, anterior view; C, P3, anterior view; D, P4, 
anterior view; E, P5, anterior view. Scale bar=200 um. 


segment with | subapical seta on inner margin, 5 long setae Antenna (Fig. 2B) with allobasis and free 1-segmented 
and aesthetasc fused basally to 1 seta apically. Armature for- enp. Allobasis elongate with I unipinnate abexopodal seta 
mula as follows: 1/11/8/3 + (1 + Ae)/1/3/2/2/6 + (1 + Ae). in distal quarter, and with some spinules along abexopodal 
132 
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Fig. 4. Eudactylopus yokjidoensis n. sp., male (allotype). A, Habitus, dorsal view; A’, Partial view of seta IV; A”, Partial view of seta V; 
B, Habitus, lateral view; C, P6 and urosome. Scale bars: A, B=200 um, C=100 um. 


margin. Exp 2-segmented; exp-1 longer than exp-2, with 1 
naked subdistal seta and 1 bipinnate distal seta; exp-2 with 1 
bipinnate subapical seta and 2 bipinnate apical setae. Endo- 
podal segment ornamented with spinules along inner mar- 
gin, inner medial margin with 2 robust spines ornamented 
with crenulations along medial margin and 2 simple setae, 
distal margin with | spine and 5 setae. 

Mandible (Fig. 2C, D) coxa with some setules near base 
of basis. Gnathobase well-developed, with 4 blunt teeth and 
I long seta distally. Palp biramous comprising basis, 1-seg- 
mented endopod and 1-segmented exopod (fused to basis 
basally). Basis with 2 setae. Exp represented by lobe, with 
2 setae. Enp with 1 bipinnate seta on lateral margin and 2 
bipinnate, 1 naked, and 1 bipinnate setae fused basally to 1 
simple seta on distal margin. 

Maxillule (Fig. 2E). Arthrite of precoxa with 1 bipinnate 
seta on lateral margin, 7 spines, and | seta along distal mar- 
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gin. Coxa elongate, with 2 bipinnate subapical setae and 3 
bipinnate apical setae. Basis with 2 apical setae. Exp and 
enp l-segmented, fused to basis and represented by lobe 
armed with 2 and 4 bipinnate setae, respectively. 

Maxilla (Fig. 2F) with several spinules on outer margin, 
and 3 endites on syncoxa; proximal endite armed with 2 
slender bipinnate setae; middle endite with | bipinnate spine 
and 1 bipinnate seta; distal endite with 2 bipinnate spines 
and 1 naked seta; basis drawn into strong, unipinnate claw, 
with 2 bipinnate setae near base; enp fused to basis, repre- 
sented by 1 seta on outer distal margin of basis. 

Maxilliped (Fig. 2G) subchelate, comprising syncoxa, 
basis, and enp. Syncoxa with 3 spinulose setae on inner 
distal margin and 2 rows of spinules on proximal and distal 
margins. Basis elongate with 1 simple seta on inner medial 
margin, and row of spinules along inner margin. Enp shorter 
than basis, drawn into strong claw, concave, with 2 setae on 
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Fig. 5. Eudactylopus yokjidoensis n. sp., male (A and C, allotype; B, paratype). A, Right antennule; B, enp of P2, anterior view; C, 


P5, Anterior view. Scale bars= 100 um. 


proximal margin. 

P1 (Fig. 3A). Intercoxal sclerite transversely elongate, 
bare. Coxa with 2 rows of spinules on anterior surface and 
some spinules along outer distal margin. Basis with | strong 
inner spine, accompanied with some spinules basally, 1 long 
outer spine, 2 transverse rows of spinules (1 on outer distal 
side, 1 on distal middle side). Exp shorter than enp, 3-seg- 
mented: exp-1 with some spinules along outer and distal 
margins and armed with | outer spine; exp-2 longer than 
sum of others, with some long spinules along proximal in- 
ner margin, | long unipinnate inner seta subdistally, several 
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spinules along outer margin, and armed with 1 outer spine 
subdistally; exp-3 shortest, with 3 unipinnate spines and 1 
geniculate seta. Enp 2-segmented: enp-1 slightly longer than 
exp, approximately 4.1 times as long as wide, with 1 long 
bipinnate seta on proximal one-third of inner margin; enp- 
2 short, narrower than enp-1, with some spinules on outer 
margin, armed with 2 long unipinnate spines and | simple 
seta apically, inner apical spine about twice as long as outer 
apical spine. 

Armature formula of P2 to P4 is as follows (Roman num- 
bers mean spine, and arabic numerals setae): 
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Fig. 6. Scanning electron micrographs of Eudactylopus yokjidoensis n. sp., female. A, Habitus, dorsal view; B, Right caudal ramus, 
dorsal view; C, Habitus, lateral view; D, Inner and outer terminal seta, lateral view; E, Rostral area, ventral view; F, Inner terminal 
seta, ventral view; G, H, Genital double-somite, ventral view. Scale bars: A, C=500 um, B, D-F=50 um, G=200 um, H=20 um. 


Exp Enp 
P2 I-1;1-1;111,11,2 0-1;0-2;1,2,2 
P3 I-1;1-1;111,11,3 0-1;0-2;1,2,3 
P4 I-1;1-1;111,11,3 0-1;0-1;1,2,2 


P2 (Fig. 3B) intercoxal sclerite smooth, rostrocaudally 


Anim. Syst. Evol. Divers. 34(3), 127-142 


elongate. Coxa approximately 0.7 times as long as wide, 
with 2 transverse rows of spinules near outer margin. Basis 
narrower than coxa, with 2 sharp processes between both 
rami and at inner distal margin, 2 rows of spinules near base 
of exp and enp, and armed with 1 outer spine. Both rami 
tapering toward distal segment, 3-segmented. Exp approxi- 
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Fig. 7. Scanning electron micrographs of Eudactylopus yokjidoensis n. sp., male. A, Habitus, dorsal view; B, Left caudal ramus, dor- 
sal view; C, Rostral area, ventral view; D, E, P5, ventral view; F, G, enp of P2, ventral view. Scale bars: A=500 um, B, F=50 um, C, 
D=100 um, E, G=25 um. 
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mately 1.2 times as long as enp: exp-1 with triangular pro- 
tuberance at outer distal margin, some spinules near anterior 
surface, base of outer spine, and exp-2, rows of spinules on 
outer margin, and armed with 1 outer spine and I bipinnate 
subdistal inner seta; exp-2 shorter than exp-1, with trian- 
gular protuberance at inner and outer distal margin, some 
spinules near base of outer spine and exp-3, row of spinules 
on outer margin, and armed with I outer spine and I bip- 
innate subdistal inner seta; exp-3 similar to length of exp- 
1, 3 outer spines, 1 long outer spine (armed with spinules 
on outer margin and setules on inner margin), and 1 long 
inner apical bipinnate seta, and 2 bipinnate inner setae. Enp 
with row of spinules along outer margin of each segment: 
enp-1 approximately 0.9 times as long as wide, with trian- 
gular protuberance at inner and outer distal corners, row of 
spinules and 1 long plumose seta on inner margin; enp-2 ap- 
proximately 0.9 times as long as wide, with triangular pro- 
tuberance on each of inner and outer distal margins, 2 long 
bipinnate inner setae; enp-3 1.3 times as long as wide, with 
1 outer spine, 2 apical and 2 inner setae. 

P3 (Fig. 3C) intercoxal sclerite smooth, rostrocaudally 
elongated, with deeply concave distal margin. Coxa ap- 
proximately half as long as wide, with 2 transverse rows of 
spinules near outer margin. Basis narrower than coxa, with 
2 sharp processes between both rami and at inner distal 
margin, 2 rows of spinules near base of exp and enp, and 
armed with 1 long outer seta. Both rami tapering toward 
distal segment, 3-segmented. Exp approximately 1.2 times 
as long as enp: exp-1 with triangular protuberance at outer 
distal margin, some spinules near proximal outer margin 
and near base of outer spine, rows of spinules on outer mar- 
gin, and armed with 1 outer spine and 1 subdistal inner seta; 
exp-2 shorter than exp-1, with triangular protuberance on 
each of inner and outer distal margins, some spinules near 
base of outer spine, rows of spinules on outer margin, and 
armed with 1 outer spine and 1 subdistal inner seta; exp-3 
similar to length of exp-1, with some spinules on proximal 
outer margin, 3 outer spines, | long outer spine (armed with 
spinules on outer margin and setules on inner margin), and I 
long inner apical bipinnate seta, and 3 bipinnate inner setae. 
Enp with row of spinules along outer margin of each seg- 
ment: enp-1 with triangular protuberance at inner and outer 
distal margin, some spinules and 1 long bipinnate subdistal 
seta on inner margin; enp-2 with triangular protuberance 
on each of inner and outer distal margins, 2 long bipinnate 
inner setae; enp-3 1.3 times as long as wide, with 1 outer 
spine, 2 apical and 2 inner setae. 

P4 (Fig. 3D) intercoxal sclerite, coxa, and basis as in P3. 
Both rami tapering toward distal segment, 3-segmented. 
Exp approximately 1.5 times as long as enp: exp-1 with tri- 
angular protuberance at outer distal margin, some spinules 
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near medial outer margin, 3 rows of spinules on outer mar- 
gin, near bases of outer spine and exp-2, and armed with 
1 outer spine and 1 subdistal inner seta; exp-2 shorter than 
exp-1, with triangular protuberance at inner and outer distal 
margins, 3 rows of spinules on outer margin, near bases of 
outer spine and exp-3, and armed with 1 outer spine and 1 
subdistal inner seta; exp-3 similar to length of exp-1, with 
some spinules on proximal outer margin and near base of 
each outer spine, 3 outer spines, | long outer spine (armed 
with spinules on outer margin and setules on inner margin), 
1 long inner apical bipinnate seta, and 3 bipinnate inner se- 
tae. Enp with row of spinules along outer margin of each 
segment: enp-1 approximately 0.6 times as long as wide, 
with triangular protuberance on each of inner and outer dis- 
tal margins, some spinules and I long bipinnate seta on in- 
ner margin; enp-2 approximately 0.9 times as long as wide, 
with triangular protuberance on each of inner and outer dis- 
tal margins, I long bipinnate inner seta; enp-3 approximate- 
ly 1.5 times as long as wide, with I outer spine, 2 apical and 
2 inner setae. 

P5 (Figs. 3E, 6C) well-developed, foliaceous, composed 
of benp and separate exp, each ramus (excluding setae) 
reaching middle of second abdominal somite. Benp with 
outer peduncle bearing simple seta on basis. Endopodal lobe 
larger than exp, with 4 setae on distal margin and 1 naked 
seta on proximal two-third of inner margin; inner margin 
armed with fine setules. Exp with 5 setae on distal margin 
and 1 simple seta on outer margin subdistally; outer and dis- 
tal margins armed with fine setules. 

Pó (Figs. 1C, E, 6H) on anterior part of genital double- 
somite ventrally, represented by protuberance armed with 3 
setae. 

Description of the adult male. Body (Figs. 4A, B, 7A) fu- 
siform, total length 1,255 um (range, 1,165-1,307; mean, 
1,240; n=9). Maximum width measured at posterior mar- 
gin of cephalic shield: 370 um (range, 344-375; mean, 360; 
n=9). All somite with distal hyaline membrane except fifth 
pedigerous somite and anal somite. Prosome (Figs. 4A, B, 
7A) comprising cephalothorax with completely fused first 
pedigerous somite and three free pedigerous somites, 1.1 
times as long as urosome excluding caudal rami, 1.3 times 
length including caudal rami. Urosome (Figs. 4A, B, 7A) 
6-segmentd, comprising fifth pedigerous somite, genital 
somite and 4 free abdominal somites. Abdomen with 1 or 2 
oblique rows of spinules on both lateral surfaces of each so- 
mite, with exception of anal somite ornamented with row of 
spinules along distal margin. Anal somite (Figs. 4A, B, 7A) 
approximately 0.6 times as long as preceding somite. Cau- 
dal rami (Fig. 4A) truncate, about 1.8 times as long as anal 
somite, approximately 1.5 times as long as wide, inner mar- 
gin unornamented, with 7 setae: seta V longest (Fig. 4A”), 
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approximately 7.8 times as long as caudal rami. Rostrum 
(Figs. 4A, B, 7C) as in female. 

Antennule (Fig. SA) 7-segmented, haplocer; first segment 
bearing 1 seta on anterior margin; second segment with 1 
simple seta on posterior margin, 2 naked setae on anterior 
margin and 8 setae along outer distal margin; third segment 
small, with 1 aesthetasc and 1 seta on anterior margin and 
2 setae on distal margin; fourth segment large, with 4 setae 
on posterior margin, long apical aesthetasc fused basally to 
1 apical seta; fifth segment with 3 setae on posterior mar- 
gin; sixth segment with | simple seta on outer distal margin; 
seventh segment with 2 setae on posterior margin, 3 setae 
on anterior margin, 1 subapical seta on inner margin and 1 
naked seta and aesthetasc fused basally to | seta apically. 
Armature formula as follows: 1/11/3 + Ae/4 + (1 + Ae)/3/1/ 
7+(1+ Ae). 

Antenna, mouth appendages, and P1, P3, P4 as in female. 

P2 (Figs. 5B. 7F, G) enp modified, 2-segmented and with 
row of spinules along outer margin: enp-1 with 1 long sub- 
distal inner seta and some setules near inner seta; enp-2 
strongly modified, longer than enp-1, with 4 bipinnate setae 
on inner margin, 1 naked apical seta, 1 long spine, rounded 
at the end and 1 recurved spine on outer margin. 


P5 (Figs. 5C, 7D) composed of benp fused medially and 
separate exp. Benp with | outer simple seta on basis. Endo- 
podal lobe with 1 bipinnate subapical inner spine and 2 long 
bipinnate apical spines, with length ratio (from inner side) 
0.5: 1.2: 1. Exp I-segmentd, with 1 long slender seta, armed 
with setules along inner margin (Fig. 7E), 1 bipinnate spine 
on inner margin, | long bipinnate spine and 1 simple seta 
apically, and 2 outer spines. 

Pó (Fig. 4C) represented by wide, short plate, with 1 bi- 
pinnate spine and 2 naked setae on outer distal margin, and 
some spinules near outer seta. 

Molecular diversity. The 576-bp region of the mtCOI was 
obtained for six female and male individuals (GenBank 
accession Nos: KY694381-KY694383 and KY694387-KY 
694389 for the female and, KY694384-K Y694386 and 
KY694390-K Y694392 for the male) of Eudactylopus yok- 
jidoensis n. sp. Individuals of the same species showed only 
a slight difference in the mtCOI sequence (0.0-1.6%), while 
individuals of different species showed distinct differences 
(22.3-22.7%) (Table 1). The pairwise distance of between 
the Parathalestris parviseta and Eudactylopus species are 
between 30.4-31.4%. Divergences within E. yokjidoensis 
and between species of the genus Eudactylopus are relatively 


Table 1. Pairwise percentage differences for mtCOI sequences between individuals of Eudactylopus yokjidoensis n. sp. and E. spec- 


tabilis 
1 2 3 4 5 6 7 8 9 10 11 12 13 
1. Eudactylopus yokjidoensis F1 
(GenBank accession No. KY694381) 
2. Eudactylopus yokjidoensis F2 0.8 
(GenBank accession No. KY694382) 
3. Eudactylopus yokjidoensis F3 0.4 1.2 
(GenBank accession No. KY694383) 
4. Eudactylopus yokjidoensis F4 1.2 0.8 1.6 
(GenBank accession No. KY694387) 
5. Eudactylopus yokjidoensis F5 0.0 0.8 0.4 1.2 
(GenBank accession No. KY694388) 
6. Eudactylopus yokjidoensis F6 0.0 0.8 1.4 1.2 0.0 
(GenBank accession No. KY694389) 
7. Eudactylopus yokjidoensis M1 0.8 0.4 1.2 0.8 0.8 0.8 
(GenBank accession No. KY694384) 
8. Eudactylopus yokjidoensis M2 0.0 0.8 0.4 1.2 0.0 0.0 0.8 
(GenBank accession No. KY694385) 
9. Eudactylopus yokjidoensis M3 08 0.4 12 08 08 08 00 0.8 
(GenBank accession No. KY694386) 
10. Eudactylopus yokjidoensis M4 00 08 0.4 12 00 00 08 00 0.8 
(GenBank accession No. KY694390) 
11. Eudactylopus yokjidoensis M5 00 08 0.4 12 00 00 08 0.0 0.8 0.0 
(GenBank accession No. KY694391) 
12. Eudactylopus yokjidoensis M6 0.0 0.8 0.4 12 0.0 00 08 0.0 0.8 00 0.0 
(GenBank accession No. KY694392) 
13. Eudactylopus spectabilis (GenBank 22.4 22.7 22.7 22.5 22.4 22.4 22.7 22.4 22.7 22.4 22.4 22.4 


accession No. KR049015.1) 
. Parathalestris parviseta (GenBank 
accession No. KT030280.1) 


mtCOI, mitochondrial gene cytochrome oxidase subunit I. 
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Fig. 8. Gene tree for mitochondrial gene cytochrome oxidase subunit I (mtCOI) showing proportional differences between individual 
samples of Eudactylopus yokjidoensis n. sp. and E. spectabilis on south coast of Korea. The numbers at the branch points are boot- 
strap values (i.e., percentage of trees with that branch point among the 1,000 subreplicates). The gene sequences for Parathalestris 
parviseta, downloaded from the NCBI database, were used as an outgroup. The specimen numbers correspond to those in Table 1. 


indicative of intra-specific and inter-specific variabilities 
(Lefébure et al., 2006). Additionally, the mtCOI gene tree 
also showed that E. yokjidoensis is clearly separated from E. 
spectabilis (Fig. 8). 


DISCUSSION 


The new species, Eudactylopus yokjidoensis n. sp. closely 
resembles E. andrewi and E. spectabilis in terms of the 
lengths of 2 inner setae on the P2 enp-2 of the female and 2 
subapical modified setae on the P2 endopod of the male (It6, 
1974; Chang and Song, 1995). Eudactylopus yokjidoensis, 
however, differs from the latter two species with respect to 
the following characteristics: In the female, (1) the length 
ratio of the cephalothorax to 2nd-4th thoracic somites is 
smaller than those of the other two species (1: 0.8 vs. 1 : 1); 
(2) 9-segmented antennule in E. yokjidoensis (vs. 7-seg- 
mented in E. andrewi); (3) the number of apical setae on the 
maxillular coxa (3 vs. 4); (4) 2 setae on the maxillular basis 
in E. yokjidoensis (vs. 1 in E. spectabilis); (5) the presence 
of an accompanying seta on the maxilliped claw, while it is 
absent in E. spectabilis; and (6) the process in the medial 
outer margin of P2-P4 basis, unlike the smooth medial outer 
margin of E. spectabilis; and in the male (1) the length ratio 
of the cephalothorax/2nd-4th thoracic somites is smaller 
than those of the other two species (1 :0.6 vs. 1: I in E. an- 
drewi and 1: 0.8 in E. spectabilis); (2) the aesthetascs are 
on the 3rd-4th and the last segments of antennules, while 
E. andrewi has two aesthetascs on the 4th segment and E. 
spectabilis has one aesthetasc on each of the 4th and Sth 
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segments; (3) the baseoendopod and exopod of P5 are sepa- 
rated in E. yokjidoensis, whereas they are fused in E. andre- 
wi; and (4) a comb-like innermost seta applies to the P5 exo 
pod, while a bipinnate seta is applicable in E. spectabilis. 
Additionally, E. yokjidoensis can be separated from the oth- 
er species in terms of the morphological combination of the 
setal number on the coxa and the maxillule basis in the fe- 
male. The numbers of subapical and apical setae on the coxa 
and seta on the basis of the maxillule (2, 3, and 2, respec- 
tively) differ in E. yokjidoensis (vs. 2, 4, and 2 in E. andre- 
wi, 2,4, and I in E. spectabilis, 1, 4, and 2 in E. lucayosi, 
and 0, 2, and 6 in E. atlanticus). Eudactylopus australis dif- 
fers from E. yokjidoensis in 6 setae on the maxillular basis. 
Eudactylopus robustus shows some discrepancies between 
synonymized species, which can be identified using these 
characteristics (0, 4, and 2 in E. striatus vs. 0, 3, and 3 in F. 
fasciatus). 

The above-mentioned species of Eudactylopus should be 
considered with caution in morphological studies owing to 
the insufficient descriptive content for each species (Wells, 
2007). To date, a number of researchers have tried to solve 
these problems through detailed descriptions or reviews 
(Lang, 1965; Itö, 1974; Wells and Rao, 1987; Chang and 
Song, 1995). Lang (1965) reported the occurrence of E. at- 
lanticus females (as E. latipes f. typica), previously known 
as an Atlantic species, for the first time in the Pacific, with 
detailed descriptions and illustrations of the morphological 
parts. Itö (1974) reported E. andrewi from Oshoro, Japan, 
mentioning the presence of two subspecies of E. latipes. 
However, Vervoort (1964) raised a question for the presence 
of the two subspecies of E. latipes based on sufficient de 
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scriptions of the developmental stages for E. andrewi and an 
E. atlanticus review. Wells and Rao (1987) recorded E. ro- 
bustus from the Indian Ocean and reviewed its synonymized 
species (i.e., E. opima, E. striatus, E. fasciatus, and E. aus- 
tralis). The authors raised some doubts about the taxonomic 
status of these species, suggesting some morphological dif- 
ferences in the exopod segmentation of the antenna, abdom- 
inal ornamentation, setation of the exp of the male P5, shape 
of the female P5, and endopod of the male P2. Despite these 
differences, however, the authors failed to separate these 
synonymized species into independent species, due to the 
limited descriptions of these species. Subsequently, Chang 
and Song (1995) first recorded two thalestrid harpacticoids 
(E. andrewi and E. spectabilis) in Korea. The authors found 
the morphological differences between E. spectabilis of Ko- 
rean water and the Mediterranean Sea, as follows: the num- 
ber of inner seta on the P2 enp-2 of the male and the length- 
to-width ratio of the caudal ramus of the female. However, 
the authors concluded that the differences could be caused 
by the different fixation. 

Through the comprehensive comparison of each species 
in this study, we could confirm that the following charac- 
teristics are important parameters to identify the species of 
Eudactylopus (Table 2): Lang (1965) described a basally 
bulbous caudal seta VI with setules along the inner margin 
to define the female of E. atlanticus (Lang, 1965: 218 and 
Figs. 121b, c, 122a, as E. latipes f. typica). This character is 
evident in E. lucayosi, E. spectabilis and E. yokjidoensis n. 
sp., but not in the normal seta with the setules in E. andrewi 
and the normal seta without the setules in E. australis and 
E. robustus (as E. opima sensu Sewell, 1940). That of the E. 
spectabilis female from the Black Sea is bipinnate (Marcus 
and Por, 1960: TAFEL III Ab. 17). Additionally, E. specta- 
bilis shows a distinction by the absence of a process in the 
medial outer margin (vs. the presence in the others), as well 
as its separation by the male antennule 7-segmented, which 
overlaps in E. andrewi and E. yokjidoensis (vs. 9-segmented 
in the others and unknown in E. lucayosi). A long and comb- 
like innermost seta on the exopod of the male P5 is a unique 
character overlap between E. andrewi and E. yokjidoensis 
(vs. the long and bipinnate in E. spectabilis, long and naked 
in E. robustus (as E. opima sensu Brian, 1928), the short in 
E. australis and E. robustus (as E. opima sensu Sewell 1940, 
E. striatus and E. fasciatus), and unknown in E. atlanticus). 
Eudactylopus lucayosi is distinguished from the other spe- 
cies of the genus by the peculiar structure of the caudal rami 
and the truncated form of the benp of the female P5 as pre- 
sented by Geddes (1969). This species is also unique due 
to the absence of seta at the middle of the inner margin of 
the maxilliped (vs. 1 seta in the others), which is found in 
the E. spectabilis (Monard, 1928, Fig. XXI. 2) and the syn- 
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onymized species of E. robustus (as E. fasciatus Sewell, 
1940, Text-Fig. 38F). In particular, these morphological dif- 
ferences that are evident between the synonymized species 
and the original specimen, suggest the need of a further ex- 
amination for specific variations or differences among these 
species. 

DNA barcoding is an efficient tool to identify species, es- 
pecially morphologically similar species (Floyd et al., 2002). 
The mtCOI sequence provides molecular markers that can 
be used to confirm taxonomic identifications in Crustacea 
(Costa et al., 2007). In previous molecular studies of har- 
pacticoid copepods, the inter-specific difference is in the re- 
gion of 21.2-23.2% regarding the genus Nitokra (Karanovic 
et al., 2015), the region of 20.2-26.7% regarding the genus 
Wellstenhelia (Karanovic et al., 2014). Eudactylopus yokji- 
doensis and E. spectabilis represent genetic differences from 
22.4-22.7%, providing that these two species are genetical- 
ly isolated and distinct (Lefébure et al., 2006). 
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